Most of the newer electro-optical determinations of the velocity of light have been based on the modulation principle of Bergstrand. The author developed in 1952-54
The French scientist Fizeau is famous for his invention of the cog-wheel as a device for modulating light and he was the first to make an adequate determination of the velocity of light with the use of terrestrial observations (1849). There is no technical difference between a distance measurement with modulated light and a determination of the velocity of light, and therefore we could consider Fizeau as a premature inventor of the device for distance measurement with modulated light. In Fizeau's device a cog-wheel interrupted a light bundle in such a way that the outgoing light was modulated with the wanted frequency. The light was reflected at a distant mirror and then forced to pass a second time through the cogwheel. With this device Fizeau could verify that the incoming light was blocked by the cogs for selected frequencies. Thus it was proved that light has a finite velocity. Fizeau also gave the mechanical foundations for the first generation of light modulated distance measuring instruments all of which have used the single cog-wheel principle.
The geodetic application of modulated light measuring methods waa first suggested by Karolus and Mittelstaedt gave the basic principle of electro-optical light modulation with Kerr-cells and also showed that this new technique was useful for very short distances (cf. Mittelstaedt, 1929) .
The legal inventor of the electro-optical distance measuring device was a member of the RCA staff, Irving Wolff. He designed an instrument that was described in detail in a patent application of 1939. In his first claim he writes:
"A distance measuring device including in combination, a light source, means for propagating light from said source toward a light reflecting object whose distance is to be measured, means coupled to said light source for modulating the outgoing, a receiver for receiving modulated light reflected from said object, a phase-meter for indicating said distance as a function of the relation between phases of the modulating means." Wolff introduced the technique of using electrical phase-measuring in an electro-optical distance measuring system. Wolff also seems to be the first to use the photo-tube as a receiving system for this type of distance measuring. A careful study of the Wolff method indicates that it included a conversion of the "mechanical cog-wheel principle" to a modified "electronic cog-wheel principle".
New applications of the "simple cog-wheel principle" were given by Andersson (1937 Andersson ( , 1940 and Hiittel (1940) . Bergstrand (1950) introduced a modified technique for modulating the Kerr-cell. The high frequency signal was superimposed on a low frequency square wave in order to give better defined measuring points. Bergstrand (1942) originally outlined a method with three airborne signals (two optical and one electrical) and additive mixing of the two optical signals on each of the phototubes. A similar system was later used in the Tellurometer.
I n this prototype Bergstrand varied the modulation frequency until the distance was an integral number of a quarter of the wavelength. The AGA company manufactured the first commercial instrument using fixed measuring frequencies. An optical delayer was used for checking a high frequency electrical delayer. (Patent of C. E. Granqvist.) The optical delayer in these instruments had a weight of approximately 10 kg. Further successful instruments by AGA were Geodimeters IV and VI. These last designs used exclusively high frequency electrical delayers. However, it was necessary to use a rather cumbersome individual calibration for each measuring frequency t o overcome the large systematic errors of the delayers. The system was somewhat restricted because it made use of the squaring power of a Kerr-cell. The Geodimeter VI was the last instrument of the first generation of electrooptical distance measuring instruments. For this generation of instruments the basic principle can be traced back to the famous cog-wheel of Fizeau. It was a "straight" type of instrument with the phase measurement performed at the high frequency signal.
Besides the Bergstrand approach to distance measuring, an independent study had already started in 1940 at the Institute of Geodesy, KTH, Stockholm, with the original aim of using a purely electronic measuring system in combination with frequency transposition of the measuring signals. When the first successful electro-optical results of Bergstrand ( 1942) were announced we halted these studies of a purely electronic device. A pulse operated electro-optical system for surveying application was built 195CL1952 and the system for measurements with continuous waves from the early 1940 study was modified to an electro-optical system in 1952-1954. The basic problem was to find a practical method of converting the high frequency measuring signals to useful new signals of a low frequency. In the solution a modulated light signal was emitted from the instrument and after due reflection received in the same instrument where it was mixed in a multiplicative way with an auxiliary electrical signal of slightly different frequency. The primary modulating electrical signal was mixed in a similar way with the auxiliary signal and we obtained two low frequency signals. I n this way we obtained a system of the double cogwheel type. The auxiliary signal served like a second cog-wheel for the incoming signals and we got an output that varied in amplitude according to the beat frequency. This system works like an "electro-optical microscope" when reading the phase differences between the outgoing and incoming signals. The phase difference between the outgoing and incoming optical signals are converted to a corresponding phase difference at the actual low frequency. However, the time delay is multiplied by a number determined from the ratio between the high frequency and the low frequency. In this approach a type of twin superheterodyne principle was used which has a direct mechanical analogy in the double cog-wheel. Several electronic experts were rather sceptical concerning the possibility of maintaining the phase stability in the system. Not even the 1970 Nobel Prize winner H. Alfv6n could promise that the system should work. However, using this method we finally could diminish some of the electronic internal errors in a drastic way. The new method made it possible to measure the actual phase difference between incoming and outgoing light in an indirect way by the low frequency as well as directly by the high frequency signals. The low frequency electronic phase measurement was found to be many Tellw XXIV (1972), 5 times more accurate than the corresponding high frequency phase measurement and the transposition to the low frequency made it possible to filter out some of the noise from the daylight by simple integration methods (cf. Bjerhammar, 1954 Using the terminology from electronic science we can claim that this double cog-wheel principle gives a type of electro-optical twin superheterodyne method. I n 1967 AGA started the production of instruments of this type marked "Geodimeter 6A/Modulation System Bjerhammar". Later followed the experimental instrument Geodimeter 7 and the laser instrument Geodimeter 8. In March this year the instrument Geodimeter 6B was introduced. The twin superheterodyne principle seems now to be used in all electro-optical distance measuring instruments on the market with the exception of the Mekometer.
I n this report the results from a determination of the velocity of light with the AGA Geodimeter 8 will be given. 
Historical notes

The calibration base line
The calibration base line has been built by the Finnish Geodetic Institute in collaboration with the Survey and Ranging Battalion (Mittaus pattery) in Niinisalo Finland. A complete description is given in a paper by Aim0 Kiviniemi (1970) and we refer to this publication for further details. The base runs from Niinisalo Kiviniemi makes the following conclusion: "The observations a t the Nummela standard base line and at the Niinisalo calibration base line are made symmetrically and directly above the used markers, and so they refer to the actual lengths of these base lines without any major projection errors. Further, the observations at the Nummela and Niinisalo are carried out with the same equipment by the same personnel and with the identical method and procedures. On the basis of these facts the total standard error can be considered a real error without significant systematic error."
All instruments were daily calibrated against the standards at the Niinisalo Meteorological station or a t our own station.
Meteorological observations a t the intermediate towers were made by personnel from Mittaus patteristo in Niinisalo and from the Finnish Geodetic Institute. All other observations were made by personnel from the Royal Institute of Technology Stockholm (KTH).
Eccentricities
The towers in Niinisalo, Naurisjoki and Pihnari were all very rigid and suitable for precise measurements. There was originally no direct line of sight from the upper platform to the marked point on the ground. I n order to facilitate the centering we carved a hole through the wooden framework and only very small eccentricities were discovered. The maximum eccentricity was less than 5 mm which seems to prove that the towers have kept their position for a long time. Our determination of the eccentricities had a standard error of 0.8 mm in Pihnari and k0.5 mm in Naurisjoki. The error in Niinisalo does not contribute to the final errors of the last week.
Distance measurements
All distance measurements were made by a Geodimeter 8 that had been equipped with an installation for automatic measuring and printing. This modification was made by Mr Arne Forsberg of KTH. I n this way approximately 200 measurements were made every day. However, the arithmetical mean of each set of 10 observations was recorded as a simple observation. 
Reflectors
The prism system in Pihnari included 24 prisms and each individual prism has been given its own correction for eccentricity. I n Naurisjoki only three prisms were used. The eccentricities were also eliminated here.
Frequencies
The geodimeter was operated on a single measuring frequency and switching between different oscillators WFN avoided in order to keep the frequency constant. The oscillator was checked against the cesium standard at FOA before and after the observations. During the field observations we used the frequency of the Finnish Geodetic Institute.
Day
Frequency (Hz) During the second week we only found a drift of 2 periods which corresponds to 1 : 15 000 000. We estimate the corresponding contribution to the standard error of the velocity of light.
The following frequencies were used for the computations
Frequency (Hz) 16.6.1970 17.6.1970 18.6.1970 21.6.1970 22.6.1970 23.6.1970 24.6.1970 26.6.1970 26.6 
Meteorological observations
Dry temperatures, wet temperatures and pressures have been observed in all five observation towers. Vertical gradients have been determined in all stations a t least for some days. The following instruments have been used: Temperature: Assman, Friedrich (electrical with platinum electrodes) Pressure: Baromec, Feuss
In the normal geodetic application of electrooptical distance measuring we can only expect to have meteorological data for the end points of the actual line, and a prediction of the intermediate data will be rather difficult. I n our present determination of the velocity of light we are fortunate enough to have the very important high observation towers in the line of sight. Still we have to find a procedure that gives the best prediction of the integrated value of the meteorological parameters. I n our solution we used a weakly stationary stochastic process for the prediction of the intermediate data from the available observations. Then we could compute the "mean values" from a numerical or analytical integration. For this study the distance between the observation towers had to replace the time as the basic parameter in our stochastic process. The covariances between the stations were first computed as a function of the distances and then the final solution was obtained under the condition of covariance stationarity. We refrain from giving any definite estimates of the prediction errors in this part of the study. However, we have found sets of observations where the root mean square difference between the temperature observations at two different towers was as low as kO?2 for a longer period. The integrated mean for the whole base line should have a systematic error not higher than kOOl. The accidental error can hardly exceed 1". The accidental error should be eliminated (when using a large number of observations during several days). We estimate the various meteorological contributions to the standard error of the velocity of light: The consistency was remarkable. The measurements were made during rather stable weather conditions. There was a wind of 4-7 mjsec and no clouds during the first week. The sccond week was only cloudy the last day. This day we found a n extreme homogeneity during the time 17.36-18.38. We conclude that the most favourable conditions were found a cloudy day with moderate wind in the "equilibrium" between day and afternoon. The refraction coefficient was 0.12-0.14 and the refractive index varied between 1.0002768 and 1.0002774. For this cloudy day we had a least squares standard deviation of only k 0.00000020 for three hours of observations. The standard deviation of the refractive index estimated from the mean square successive differences was &s small as ~0.00000010. For the clear days the corresponding value was normally around ~0.00000015. This means that the quality of the meteorological observations increased considerably during the cloudy period.
The accidental errors of the meteorological determinations should be well presented by the mean square successive differences. The following results were obtained for the last days. 
Cloudy
MornAfterThus we find the best values for "dry temperature" the cloudy day. For the pressure no significant differences are found.
If we study the final determination of velocities for different days then we find that the mean square successive difference (sH) is almost unaffected of the weather conditions.
Refractive index
The refractive index varied from the maximum value 1.000 2830 at 07.15 22.6.1970 to the minimum value 1.000 2722 at 16.15 25.6.1970. If we use the simple model of one stochastic variable for the refractive index then we find very large differences of the standard deviation from the least squares estimate (so) and the mean square successive differences ( s H ) . For the observations 25.6 we have for example so = 0.00000100 n = 25 sw= +0.00000017
Thus we have the ratio stochastic model is not under control and it will be natural to use a stochastic process for the presentation.
The stochastic processes
All the observed parameters dry temperature, wet temperature, pressure and vertical angles belong to stochastic processes. The time parameter is continuous but the outcomes are given as discrete sets. This type of stochastic process is normally called a "continuous parameter chain". These stochastic processes are normally weakly stationary when using the natural time as a parameter.
Measurements have only been made at the five observation towers and it is requested to make a prediction of meteorological data for all points along the line of sight. However, for our practical computation we only need the integrated value for the complete base line.
Refraction coefficient
The refraction coefficient was defined in the classical way from the relation between the radius of the earth at the actual point and the radius of the line of sight. Measurements were made with theodolites (Wild T2) a t the ends of the base line. The refraction coefficient was rather constant during the day observations and varied mostly between 0.10 and 0.15. Observations from 04.52-07.46 in the morning 19.6.1970 indicated extreme variation of the refraction coefficient from 0.69 to 0.13. The systematic effect of this variation was clearly indicated by the ratio between the standard deviation from the least squares estimate and the mean square successive differences.
I n order to get a reliable elimination of the errors from the photomultiplier, we used the Niinisalo-Naurisjoki basis as a reference against the Niinisalo-Pihnari basis for the last week of observations. During the first week ground reflectors a t a distance of approximately 200 m from Niinisalo were used for the same purpose.
Mean square successive difference test
We are going to make a hypothesis testing of all observation sets. I n this study we use weights proportional to the actual distances for all meteorological computations. The hypothesis testing is based on the variances estimated with the method of least squares and the mean square successive differences.
Null hypothesis: There seems to be a small systematic effect that is not fully compensated when data in only five points are used for the meteorological analysis. We note that the Hart ratio is excellent for the cloudy day (26.6). For this last day we have computed the arithmetic mean using two rather different weight combinations for the meteorological observations 10-1 -1 -1 -10 and 1-10-10-10-1.
The difference between the two solutions was only 0.9 mm. This means that the solution is very well under control. It is obvious that our original weight relation for the analysis gives some systematic effects. In our final solution we have to choose "optimum weights" in order to obtain series that can be accepted by the Hart test. 
%
Final error estimate
We summarize the contributions from the various error sources using the propagation law of independent errors and obtain the final standard error (9) where This study has here been fulfilled using the Wiener-Hopf approach for the determination of weights.
